Objective: To examine whether factors common to obesity prevention programmes in adolescence, namely exercise, sedentary activities, eating behaviours and psychological factors, predict change in BMI in 'free-living' adolescents followed into adulthood. Design: Longitudinal national birth cohort study. Subjects: 1970 British Birth Cohort: 4461 subjects with data on BMI at 16 years (1986) and 30 years (2000). Measurements and analysis: BMI z-score (zBMI) at 16 years (measured) and 30 years (self-reported). Obesity defined as BMI exceeding 95th British centile and 28.5 kg/m 2 , respectively. Self-report data on exercise, eating behaviours, dieting and measures of psychological function (depression, psychological distress, self-esteem) at 16 years. Models were produced for the regression of zBMI at 30 years on each variable at 16 years, adjusted for socioeconomic status, sex and zBMI at 16 years. Results: In all, 467 (8.2%) were obese at 16 years and 730 (16.4%) were obese at 30 years. Of those obese at 16 years, 60.7% were also obese at 30 years. Loss of zBMI between 16 and 30 years was predicted by female sex (P ¼ 0.01), higher social class (Po0.0001) and higher frequency of playing sport, although this was of borderline significance (P ¼ 0.05). Increase in zBMI between 16 and 30 years was predicted by 4 or more hours per day of sedentary activities (P ¼ 0.01), eating takeaway meals twice or more per week (P ¼ 0.009), consuming two or more carbonated drinks per day (P ¼ 0.04) and a history of dieting to lose weight (P ¼ 0.04). Conclusion: These data from 'free-living' adolescents followed into adult life support the importance of known risk factors such as reduction of sedentary behaviours and reduction of unhealthy eating patterns (consumption of carbonated drinks and takeaway foods, dieting) in the prevention of the persistence of obesity from childhood into adult life.
Background
Around 50-70% of obese children become obese adults, 1 yet
we know little about those who become less overweight between childhood and adulthood. 2 Attention has focused on factors related to the tracking of obesity from childhood to adulthood, 3 particularly parental obesity 4 and childhood socioeconomic status. 5 However, potential resiliency factors associated with loss in BMI between childhood and adult life have been little studied. The promotion of healthy eating patterns, increasing physical activity, reducing sedentary activities and promoting self-esteem are the cornerstones of efforts to prevent childhood and adolescent obesity. 6 Yet, aside from television viewing, 7 there is little longitudinal evidence that these factors play a role in BMI change between adolescence and adulthood in the general population. 3 Long-term follow-up of unselected birth cohorts provide an opportunity to examine factors in childhood and adolescence that protect against the later development of obesity in 'free-living' subjects. We examined whether factors common to obesity prevention programmes, namely exercise, sedentary activities, eating behaviours and psychological factors in adolescence, as well as individual efforts to control weight in adolescence, predicted change in BMI in adolescents followed into adulthood in the 1970 British Birth Cohort, studied at 16 years (1986) and again recently at 30 years (2000).
Participants and methods
Data from the BCS70 sweeps at 16 years (n ¼ 11 622) and 29-30 years (n ¼ 11 261) of age were obtained electronically from the UK Data Archive. A national teachers' strike and school examinations reduced the participation rate at 16 years for many elements of the survey. 8 At 16 years, height and weight were measured accurately by school medical staff. BMI z-score (zBMI) was calculated using the UK 1990 growth reference. Obesity at 16 years was defined using the then contemporary definition of BMI X95th centile. Parents reported father's and mother's occupation, which were assigned by the investigators to social classes using the Registrar General's classification system. Self-report data at 16 years: Adolescent self-report data were available on a range of activity and eating-related behaviours. Participants were asked the frequency of each sport they had played in the past 12 months at school and after school hours. Summary sport scores were derived by the original investigators; 2 points were assigned for each sport reported as played 'at least once a week' and 1 point for each sport reported as 'at least once a month', with scores summed to provide a total sports score for school and after school sport; higher scores indicated more frequent exercise. We defined high sports participation as a score greater than mean for sex. Young people also reported the number of hours they either watched television or videos or played computer games on the day prior to completing the questionnaire.
Regarding eating behaviours, young people reported the number of times per week they ate breakfast and or evening meals with their parents, whether they ate breakfast on the day of the questionnaire, how frequently they usually obtained meals from fast food or takeaway outlets, and whether they had recently attempted to control their weight through dieting and or through exercise. Young people were also asked how many nonalcoholic carbonated drinks they had consumed on the day before completing the questionnaire.
Psychological function was assessed using the 12-item General Health Questionnaire (GHQ12), a self-report questionnaire widely used in adolescents and adults that measures psychological distress in the past 4 weeks. Questions include items on concentration, sleep, decision making, enjoying normal activities, happiness and confidence. High scorers indicative of psychological distress are defined as those with a score of 4 or more. 9 Psychological morbidity was measured using the Rutter Malaise Inventory, 10 Analysis Models were produced for the regression of zBMI at 30 years on each exposure at 16 years. Analyses were then further adjusted for zBMI at 16 years, with resulting regression coefficients representing change in zBMI between 16 and 30 years (negative coefficients representing reduction in BMI over this period). Height at 16 and 30 years were also included in the models as BMI is not uncorrelated with height. Potential effect modification by sex in these models was tested for using interaction terms.
Results
Data on BMI at 16 years were available in 5723 subjects (2946 female subjects), being 49% of the cohort of 11 622 surveyed at that age. Subject characteristics at 16 years are shown in Table 1 . Data on BMI at both 16 and 30 years were available in 4461 subjects (being 78% of those with data on BMI at 16 years). Of these, 467 (8.2%) were obese at 16 years and 730 (16.4%) were obese at 30 years. Of those obese at 16 years, 60.7% were also obese at 30 years.
Loss of zBMI between 16 and 30 years was predicted by female sex (regression coefficient (B) ¼ À0.07; (5% CI: À0.13, À0.02; P ¼ 0.01) and higher father's social class at 16 years (B ¼ À0.16; 95% CI: À0.21, À0.10; Po0.0001). We therefore adjusted for sex and socioeconomic status in analyses of the association of other exposures at 16 years with change in zBMI between 16 and 30 years.
Who changes BMI between adolescence and adult life? RM Viner and TJ Cole Table 1 shows the proportions of subjects at 16 years in each exposure category. Table 2 also shows adjusted coefficients for the regression of zBMI at 30 years on exposure factors at 16 years and these analyses further adjusted for zBMI at 16 years. Reduction in zBMI between 16 and 30 years was only predicted by higher frequency of playing sport, although this was of borderline significance. Increase in zBMI between 16 and 30 years was predicted by 4 or more hours per day of sedentary activities, eating takeaway meals twice or more per week and consuming two or more carbonated drinks per day, as well as a history of dieting to lose weight. We identified no significant interactions by gender.
Discussion
In this large population-based sample, we found that reduction in BMI between adolescence and adulthood was more common among women and those of higher social class, and that levels of sedentary behaviours and consumption of fast food and carbonated drinks in adolescence influence change in BMI between adolescence and adulthood. These findings were independent of baseline weight status and socioeconomic status. Playing sport at school appeared to have a beneficial impact on change in BMI, although this may have been a chance finding. We found no evidence that eating breakfast, having family meals together, psychological functioning or self-esteem in adolescence influenced later BMI. We found no evidence that gender acted as an effect modifier in the associations identified in our study.
Whilst findings in 'free-living' subjects cannot necessarily be generalized to interventions, our findings provide some support for interventions at a population level to prevent obesity in adolescence by reduction in sedentary activities and reduction of consumption of energy-dense fast foods and carbonated drinks. Our findings suggest that dieting is unlikely to result in long-term weight loss, but actually increases the risk of weight gain, regardless of baseline BMI. Who changes BMI between adolescence and adult life? RM Viner and TJ Cole
Strengths and limitations
This study used longitudinal data from a large representative national birth cohort which provided detailed data on a range of factors associated with obesity in adolescence from cross-sectional or intervention studies. We adjusted our analyses for zBMI at 16 years to control for confounding by baseline weight status. We also controlled our analyses for socioeconomic status in both adolescence and adulthood. However, these are observational data and we cannot therefore draw conclusions about mechanisms for the associations found. The most significant other limitations are the relatively low sample size at 16 years and the use of self-report data for BMI at 30 years. Participation was lower at 16 years because of a national teacher's strike which greatly disrupted data collection; however, this was unlikely to be a significant source of bias as those who participated at 16 years were representative of the Birth cohort, with minimal loss of males and those in lower socioeconomic groups. 8 In additional analyses (not shown), we examined in two ways the representativeness of the sample who participated at 16 years. Firstly, by comparison with data from the 10 and 30 year surveys; participation at 16 years was not associated with obesity at 10 or 30 years (e.g., the prevalence of obesity at 30 years was 16.4% in those who did participate at 16 years compared with 17.0% in those who did not; P ¼ 0.3). Secondly, by examining the associations of baseline characteristics at 16 years with loss to follow-up at 30 years; there were no significant differences in sport scores, sedentary behaviours or psychological function at 16 years between those who did and did not participate at 30 years. The long follow-up period (13-14 years) may be a weakness as well as a strength, particularly for less-stable variables such as the psychological variables. While selfesteem appears to be relatively stable through adolescence, Who changes BMI between adolescence and adult life? RM Viner and TJ Cole the prevalence of psychological distress and depression rise in mid adolescence. 16 This misclassification may have concealed relationships between psychological distress and change in BMI. The use of self-report data for adult BMI may have led to underestimation of BMI through overestimation of height and or underestimation of weight. However, this is most problematic when threshold definitions of overweight or obesity are used; for this reason, we conducted our analyses using a continuous measure of BMI and chose to define adult obesity as 28.5 kg/m 2 for reasons outlined in the section Participants and methods. However, self-reported height and weight have been shown to be highly correlated with measured weight and height in adults in previous studies, 15, 17 and are accepted to be useful in epidemiological studies of risk factors for obesity and overweight. 18 Further limitations to our data include the use of an unvalidated scale to measure sports participation and the use of point prevalence data for sedentary behaviours, fizzy drinks and eating breakfast, as these may not accurately reflect regular behaviour.
Comparison with the literature In adults, Ball et al. 19 identified higher socioeconomic status, nulliparity, not being married, being a student and lower frequency of eating takeaway food as factors associated with lack of weight gain between 18-23 years and 22-27 years in a large sample of Australian women. We know of no other studies that have specifically examined factors associated with weight loss or maintenance between adolescence and adulthood. Our finding that higher social class in adolescence predicted loss of zBMI confirms the finding in women reported by Ball et al.
19
Our finding that higher levels of sedentary activities increased BMI during the transition to adulthood support previous findings from a New Zealand longitudinal birth cohort that higher frequency of television viewing during childhood and adolescence increased the risk of adult obesity. 7 We found that less than 4 h/day of sedentary behaviour did not appear to affect later BMI, but 4 or more hours increased later BMI by 0.15 s.d., equivalent to 0.7 kg/m 2 in adult life.
Our finding of a weak association between higher participation in sport in adolescence and later reduction in BMI appears consistent with the published literature in the area. While there is considerable cross-sectional evidence linking higher physical activity with lower BMI in adolescence, 20 longitudinal data are lacking. A study from a recent Finnish birth cohort seen at 14 and 31 years reported that persistent inactivity in adolescence and adulthood was associated with later abdominal obesity in males but not with BMI in either gender. 21 A second Finnish longitudinal study reported that higher exercise levels in adolescence predicted lower skinfold measurements in adult life but not BMI, 22 a finding supported by a Dutch longitudinal study. 23 More recently, a US longitudinal study reported that decline of activity within adolescence was associated with increase in BMI in girls. 24 Given these findings, and given that BMI is a relatively poor proxy for fat mass in adolescence, it is likely that adolescent physical activity has a small beneficial effect on fat mass in the transition from adolescence to adulthood. This is consistent with findings from systematic reviews of preventive interventions for adolescent obesity which suggest that reduction in sedentary activities may more powerful than promotion of exercise. 25 Clinical and cross-sectional studies have suggested that eating patterns such as skipping or having inadequate breakfast [26] [27] [28] [29] and not eating together as a family 30 are associated with childhood obesity. However, in contrast, we did not identify a protective effect on later BMI for eating breakfast or eating meals with family when adjusted for baseline BMI. We recognize that while our data for eating with the family were robust in reflecting habitual behaviour, our finding concerning breakfast is limited as our data included only breakfast eaten on the day before the survey. Further longitudinal studies are needed to clarify the importance of these eating behaviours on long-term weight control. Consumption of energy-dense carbonated drinks has been associated with higher risk of child and adolescent obesity in cross-sectional studies 31 and also in intervention studies. 32 However, reported effect sizes are small; a brief longitudinal study within adolescence reported that sugar-sweetened drinks, either carbonated or fruit juices, increased BMI over 19 months by a mean of 0.18 kg/m 2 for each additional daily sweetened drink. 33 Our findings were consistent with a similar effect size, with X2 carbonated drinks per day increasing adult BMI by 0. Eating meals from takeaway food outlets had the largest effect on later BMI in our study, with two takeaway meals per week increasing later BMI by 0.14 s.d., and 3 or more by 0.21 s.d., equivalent to 0.6 and 0.9 kg/m 2 , respectively. These findings are similar to those from a small longitudinal study in 101 adolescent girls, which found that those who ate quick-service food away from home twice a week or more at baseline had the greatest mean increase in BMI z-score up to 7 years later. 34 However, the importance of purchasing food away from home for later obesity has not previously been examined in a large longitudinal cohort. Dieting in adolescence has previously been associated with higher BMI in cross-sectional 35 and brief longitudinal studies. 36 However, this association may be confounded as those who diet may be more likely to be overweight, as a recent longitudinal study of adolescents from Victoria found that dieting behaviours did not predict young adult weight status after adjustment for adolescent BMI. 37 In contrast, we found that a history of dieting to control weight in adolescence predicted an increase in adult BMI. This finding persisted after adjustment for adolescent zBMI, although the effect size fell dramatically from 0.6 to 0.1 s.d. after
Who changes BMI between adolescence and adult life? RM Viner and TJ Cole adjustment, confirming significant confounding by baseline zBMI. This suggests that, regardless of baseline weight, a history of adolescent dieting is associated with a small increment in adult weight status, equivalent in our population to 0.44 kg/m 2 . Depression in adolescence has been reported to increase the risk of adult obesity in women but not men in a longitudinal study from a New Zealand birth cohort, 38 with similar findings reported in both boys and girls by a brief 12 month longitudinal study within adolescence. 39 Low selfesteem has been reported to be associated with adolescent obesity in cross-sectional studies, 40, 41 and in longitudinal studies confined to childhood, 42, 43 although longitudinal studies are lacking. In contrast, we found no association between multiple measures of psychological function in adolescence, including recent psychological distress (as indicated by the GHQ12), depressive symptomatology (as indicated by the Malaise Inventory) and self-esteem (Lawrence self-esteem questionnaire), and later change in zBMI. Furthermore, no association was found between any of the psychological function measures and adult zBMI when the analyses were repeated separately in male and female subjects (data not shown). These differences with the published literature may be explained by the use of different instruments to assess psychological functioning, as the New Zealand birth cohort used diagnostic interviews while selfreport instruments were used in our study. Equally, these differences may suggest that the associations of psychological functioning and obesity may vary between different populations and over time.
Conclusions
Our data from 'free-living' adolescents followed into adult life support the importance of known risk factors such as reduction of sedentary behaviours and reduction of unhealthy eating patterns (carbonated drinks and takeaway foods, dieting) in the prevention of the persistence of obesity from childhood into adult life.
